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(54) [Name of Invention] Cylindrical alkaline battery 



(57) [Summary I 

[Objective] To offer a cylindrical alkaline battery superior in discharge performance by using a 
separator the surface of which is knurled. 

[Construction] A separator 2 the surface of which is knurled is used to retain a larger volume of 
electrolyte, utilize the active material more efficiently, and achieve superior discharge 
performance. 

[Claims] 

[Claim 1] A cylindrical alkaline battery characterized by a cylindrical separator the surface of 
which is knurled. 

[Claim 2J A cylindrical alkaline battery characterized by a cylindrical separator the surface of 
which is wavy. 

[Claim 3 1 A cylindrical alkaline battery characterized by a separator the cross section of which is 
a 4 to 8 sided polygon. 



[Claim 4] A cylindrical alkaline battery characterized in that the ratio in mol between water in an 
electrolyte and zinc in an active material for negative electrode in the battery is 100:220 to 240. 

[Detailed Description of the Invention J 
[0001] 

[Industrial Field of Application] The invention relates to a cylindrical alkaline battery using zinc 
as a negative electrode, an aqueous alkaline solution as an electrolyte, and manganese dioxide, 



silver oxide, and so forth as a positive electrode, specifically to improvement ofits3ischarge 
performance. 
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[0002] 

[Prior Art] To improve the performance of a conventional cylindrical alkaline battery of the type 
above, an external metal can is replaced with a heat shrink plastic tube or a foil case while the 
inner diameter of a metal positive electrode can is proportionally increased 10 increase the inner 
volume. Or, a nonwoven fabric less in thickness or with a larger mesh is used as a separator to 
reduce the inner resistance of a battery to facilitate more current flow. Meanwhile, a typical 
alkaline battery is manufactured by compressing and molding positive electrode mixture pollers 
into rings, accumulating the rings to insert into a positive electrode can, and compressing the 
rings again in the positive electrode can in a mold; this process, in which the mixture is 
compressed and remolded in a cylindrical mold and a separator is attached to the positive 
electrode surface, is limited in its effectiveness to increase the volume of an electrolyte absorbed, 
because the electrolyte is absorbed only inside the positive electrode mixture and separator 
Thus, methods to utilize the filler more efficiently and reduce polarization have been disclosed: 
one is to prepare pellets of different inner diameters by compression-molding to enhance 
electrolytic absorption and fill a positive electrode can with these pellets for another 
compression-molding to increase the volume of the electrolyte retained (Publication of examined 
patent application no. 63-29796); and the other is to create a layer to store an alkaline electrolyte 
between multiple positive electrode mixtures (Publication of unexamined patent application 
numbers 63-24559 and 2-100264). 



[0003] 

[Problems Intended to be Solved by the Invention] The con ven ti on al c ylin drical alkaline battery 
described above needs a large volume of an electrolyte impregnated to improve its discharge 
performance. Its structure, however, limits the volume of the electrolyte impregnated in the 
separator, consequently limiting its discharge performance. If the volume of the electrolyte 
injected exceeds the level the battery can handle, the excess electrolyte will splash or deposit 
onto the positive electrode seal, resulting in leaks. Also, the methods proposed require additional 
manufacturing steps to prepare pellets of different internal diameters and create a liquid storing 
layer, complicating the battery manufacturing process. The invention intends to offer a 
cylindrical alkaline ba tter v efficient in using i t ractive material and superior in discharge 
performance without increasing the volume of the active material filler. 
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[0004] 



| [Means of Solving Problems] To solve the problems above, the invention is characterized in that 
a separator, the surface of which is knurled or wavy, or the cross section of which is polygonal, is 
used to create a space between the separator and positive electrode mixture to store an 



[Operation] The invention works in the following way. Tt supplies an ample amount of an 
electrolyte needed for reaction. The discharge reaction of manganese dioxide in an alkaline 
electrolyte is caused by moisture consumption, and during discharge with a large load applied, 
insufficient electrolyte in a positive electrode mixture accounts for most of polarization in the 
positive electrode mixture. On the other hand, a zinc negative electrode will not consume 
moisture if the process of generating zinc oxide, an end product, progresses quickly; however, if 
zinc hydroxide is produced in the reaction process, moisture will be consumed, and in fact, the 
negative electrode will be better utilized while the polarization is improved as more electrolyte is 
available. Because the invention uses a separator the surface of which knurled, a space is created 
between the separator and positive electrode mixture, retaining a larger volume of electrolyte 
than the conventional battery with a circle inner surface. As a result, the active material is more 
efficiently used, and the polarization is improved. 



[Working Examples] Working examples of the invention will be detailed with reference to the 



[0007] Figure 1 is a cross section of a cylindrical alkaline manganese battery (LR20), a working 
example of the invention. In Figure 1, item 1 is a cathode terminal, item 2 a separator, item 3 a 
positive electrode mixture, item 4 a positive electrode can made of nickel plated iron, item 5 a 
labeled jacket, item 6 a gelled negative electrode, item 7 a collector, item 8 a bottom cover, item 
9 a gasket, and item 10 a washer. 

[0003] Table 1 shows the volume of electrolyte and other performances of a battery (LR20 type) 
according to the invention having a separator the surface of which is knurled as shown in Fig. 3. 
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electrolyte. 



[0005] 



[0006] 
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[0009] 



(Table 1] 



Separator 


Volume of 
electrolyte (%) 


2.2 D. continuous discharge 
(Hours) 


Smooth surface (reference sample) 


100.0 


21.5 


j£nurled surface 


1117 


23.1 


^Wavy surface? 


r ititi 


) 23. 0J 


Polygonal (tetragon) 


112.4 


23.1 


Polygonal (hexagon) 




22.9 


Polygonal (octagon) 


104.0 


22.5 



[0010] As Table 1 demonstrates, when the surface of the separator was knurled, a larger volume 
of electrolyte than the reference sample was retained, and the discharge performance with a large 
load applied (2.2 Q continuous discharge) improved. Also, when the separators had a wavy 
surface as in Figure 4 and cross sections of hexagon and octagon as in Figures 5 and 6, the same 
effect was achieved. 



[0011] Furthermore, to study the effect of varying volumes of electrolyte, batteries using 
separators with a knurled surface were given different volumes of electrolyte and tested in the 
same manner as the working examples above as shown in Table 2. As Table 2 demonstrates, the 
discharge performance improved when the ratio in mol between water and zinc was 100:220 to 
240. The ratio exceeding that level did not improve the performance. 



[0012J 
[Table 2] 



Separator 


Volume of 
electrolyte (%) 


Mol inli 2 0/ 
mol in Zn 


Discharge performance at 
2.2 Q continuous discharge 
(Hours) 


Smooth surface 
(reference sample) 


100.0 


212% 


21.5 


Knurled surface 


100.0 


212% 


21.5 


Knurled surface 


101.8 


216% 


21.6 


Knurled surface 


104.0 


220% 


22.5 


Knurled surface 


108.0 


222% 


23.1 


Knurled surface 


111.8 


236% 


23.1 


Knurled surface 


113.2 


240% 


23.1 


Knurled surface 


116.9 


248% 


23.1 
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[0013] 

[Effect] The invention offers an alkaline manganese battery superior in discharge performance 
when a heavy load is applied without affecting the discharge performance when a light load is 
applied. 

[Brief Description of the Figures] 

[Figure 1] Longitudinal section of an alkaline battery LR20 used in the working examples of the 
invention 

[Figure2] Cross sectional view of an alkaline battery LR20 in the reference sample 

[Figure 3] Cross sectional view of an alkaline battery LR20 with a separator the surface of which 

is knurled 

(Figure 4 ] Cross sectional view of an alkaline battery LR20 with a separator the surface of which 
is wjvv^. 

[Figure 5] Cross sectional view of an alkaline battery LR20 with a separator the cross section of 
which is hexagonal 

[Figure 6] Cross sectional view of an alkaline battery LR20 with a separator the cross section of 
which is octagonal 



[Description of Codes] 
1: Cathode terminal 
2: Separator 

3; Positive electrode mixture 

4: Positive electrode can 

5: Labeled jacket 

6: Gelled negative electrode 

7: Collector 

8: Bottom cover 

9: Gasket 

10: Washer 
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[Figure 1] 



[Figure 2) 



[Figure 3] 



1: Cathode terminal 
2: Separator 

3: Positive electrode mixture 

4: Positive electrode can 

5: Labeled jacket 

6; Gelled negative electrode 

7: Collector 

8: Bottom cover 

9: Gasket 

10: Washer 



[Figure 4] 
7 



[Figure 5j 
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